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The title compound, Q5H23N3O2, crystallizes with two mol- 
ecules in the asymmetric unit which are linked by a C— H- ■ -N 
hydrogen bond. In the crystal, molecules are connected via 
weak C— H- ■ O and C— H- ■ N hydrogen bonds between the 
amide O atoms and ethyl chains and between pyridine N 
atoms and aromatic H atoms in para positions. C— H- ■ - jr 
interactions also occur. 

Related literature 

The title compound has been investigated for its extractive 
properties in a synergistic mixture with chlorinated cobalt 
dicarbollide towards trivalent metals, see: Alyapyshev et al. 
(2004). For details of the synthesis, see: Nikitskaya et al. 
(1958); Shimada et al. (2004). 



H,c 



CH, 




Experimental 

Crystal data 

C 15 H 23 N 3 0 2 
M, = 277.36 
Triclinic, PI 
a = 11.1919 (3) A 
b = 11.7913 (3) A 
c = 12.2774 (3) A 
a = 90.255 (2)° 
P = 105.050 (2)° 



Y = 102.600 (2)° 

V = 1523.74 (7) A 3 
Z = 4 

Cu Ka radiation 
fi = 0.65 mm -1 
T = 120 K 

0.53 x 0.38 x 0.14 mm 



Data collection 

Agilent Xcalibur Atlas Gemini ultra 
diffractometer 

Absorption correction: analytical 
(CrysAlis PRO; Agilent, 2011) 
r mi „ = 0.538, r m „ = 0.815 

Refinement 

R[F 2 > 2a(F 2 )] = 0.033 

wR(F 2 ) = 0.089 

S = 1.04 

5424 reflections 



17964 measured reflections 
5424 independent reflections 
5034 reflections with / > 2cr(7) 
R<„, = 0.023 



369 parameters 

H-atom parameters constrained 
Ap max = 0.24 e A~ 3 
Ap mi „ = -0.23 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cg2 is the centroid of the N4/C16-C20 ring. 



D-H-A 


D-H 


H-v4 


D- ■ A 


D-H-A 


C3-H3- ■ N4' 


0.93 


2.49 


3.397 (1) 


164 


C9-H9B- ■ 04" 


0.97 


2.52 


3.485 (1) 


175 


C12-H12B- ■ 03" 


0.97 


2.59 


3.531 (1) 


164 


C18-H18---N1 


0.93 


2.52 


3.427 (1) 


166 


C24-H24A- ■ 02"' 


0.97 


2.46 


3.417 (1) 


169 


C27-H27.4- ■ Ol 1 " 


0.97 


2.54 


3.496 (1) 


168 


C13-H13B- ■ Cg(2f 


0.97 


2.97 


3.726 (1) 


139 


Symmetry codes: 


(1) x.y-l,z; 


(ii) 


-x + l,-y + l, 


-z + 1; (lii) 



-x + 1, -y + 1, -z + 2. 

Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
Mercury (Macrae et al, 2006) and DIAMOND (Brandenburg & Putz, 
2005); software used to prepare material for publication: publCIF 
(Westrip, 2010). 

The project was supported by the Institutional research 
plan No. AVOZ10100521 of the Institute of Physics and the 
project Praemium Academiae of the Academy of Science of 
the Czech Republic and by the Grant Agency of the Faculty of 
Environmental Sciences, Czech University of Life Sciences, 
Prague (Project. No. 42900/1312/3114 "Environmental 
Aspects of Sustainable Development of Society"). 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HG5112). 
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AyV^^-Tetraethylpyridine-2,6-dicarboxamide 

M. Pojarova, M. Dusek, E. Makrlik and V. A. Babain 

Comment 

The title compound, shown in Figure 1 and Scheme 1, has been investigated in mixture with the dicarbollylcobaltate anion 
and its halogen derivatives for significant extraction properties towards trivalent metal cations (Alyapyshev et al. ,2004). 
It consists of pyridine ring with a diethylamide groups in position 2 and 6. The asymmetric unit contains two molecules 
of dipicolinamide connected via hydrogen bonds between pyridine nitrogen atom and aromatic hydrogen atoms in para 
position to nitrogen atoms (C3 — H3 - N4, and C18 — H18 - N1, Table 1). While at first impression, the amide groups seem 
to be related by a mirror plane, closer look reveals their differences. The carbon atoms of carbonyl groups do not lie in a 
plane of the pyridine ring and they differ in the distance to this plane (0.178 A for C6 and 0.089 A for Cll to pyridine plane 
with Nl; 0.146 A for C21 and 0.040 A for C26 to pyridine plane with N4). The molecules form bands in direction of the c 
axis (Fig. 2) via system of hydrogen bonds between the amide oxygen atom and ethyl chains (Table 1). 

Experimental 

A r ,A r ,A'',A''-Tetraethyl-2,6-dipicolinamide was synthesized as described in Shimada et al. (2004), and Nikitskaya et al. (1958). 
Crystals were prepared by slow evaporation from acetonitrile. 

Refinement 

The hydrogen atoms were localized from the difference Fourier map. Despite that, all hydrogen atoms connected to C were 
constrained to ideal positions with C — H = 0.93 - 0.97A. The isotropic temperature parameters of hydrogen atoms were 
calculated as 1.2*C/ eq of the parent atom. 



Figures 




Fig. 1. View of the asymmetric unit of A r ,A r ,A'',A''-tetraethyl-2, 6-dipicolinamide, together with 
atom-labelling scheme. Displacement ellipsoids are shown at the 50% probability level. 



Fig. 2. Projection along the b axis with highlighted hydrogen bonds between the molecules in 
the bands in direction of c axis. 
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^^iV^iV'-Tetraethylpyridine^^-dicarboxamide 



i 1*1 ; t* in i n n in 

yctlLll LI Li I Li 




C15H23N3O2 


Z=4 


M r = 277.36 


P(000) = 600 


Triclinic, PI 


D x = 1.209 Mgm~ 3 


Hall symbol: -P 1 


Cu £a radiation, X, = 1.5418 A 


a = 11.1919 (3) A 


Cell parameters from 10531 reflections 


6 = 11.7913 (3) A 


9 = 3.7-66.9° 


c= 12.211 A (3) A 


ll = 0.65 mm 1 


a = 90.255 (2)° 


T= 120 K 


(3= 105.050 (2)° 


Prism, colourless 


y= 102.600 (2)° 


0.53 x 0.38 x 0.14 mm 


V= 1523.74 (7) A 3 





Data collection 



Agilent Xcalibur Atlas Gemini ultra 
diffractometer 

Radiation source: Enhance Ultra (Cu) X-ray Source 
mirror 

Detector resolution: 10.3784 pixels mm" 1 
Rotation method data acquisition using co scans 
Absorption correction: analytical 
(CrysAlis PRO; Agilent, 2011) 
r min = 0.538, r max = 0.815 
17964 measured reflections 



5424 independent reflections 

5034 reflections with / > 2c(i) 
Rint = 0.023 

Qmax = 67.0°, 9 m ; n = 3.7° 

A = -13— »13 



k = -14- 
l = -14- 



>14 

■13 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.033 
wR(F 2 ) = 0.089 
S= 1.04 

5424 reflections 
369 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = l/[o 2 (F 0 2 ) + (0.0492P) 2 + 0.3468P] 
where P = (F 0 2 + 2F c 2 )/3 
(A/o) max < 0.001 

Apmax = 0.24 e A~ 3 
Apmin = -0.23 e A~ 3 
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Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating 

i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as 
large as those based on F, and R- factors based on ALL data will be even larger. The hydrogen atoms were localized from the differ- 
ence Fourier map. Despite of that, all hydrogen atoms connected to C were constrained to ideal positions with C — H = 0.93 - 0.97A. 
The isotropic temperature parameters of hydrogen atoms were calculated as 1.2*[/ eq of the parent atom. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




CI 


0.34518 (10) 


0.08087 (9) 


0.64634 (8) 


0.0204 (2) 


C2 


0.33423 (11) 


-0.03673 (9) 


0.66482 (9) 


0.0246 (2) 


H2 


0.2551 


-0.0882 


0.6484 


0.030* 


C3 


0.44453 (11) 


-0.07514 (9) 


0.70844 (9) 


0.0269 (2) 


H3 


0.4405 


-0.1533 


0.7218 


0.032* 


C4 


0.56088 (11) 


0.00389 (9) 


0.73192 (9) 


0.0243 (2) 


H4 


0.6358 


-0.0196 


0.7637 


0.029* 


C5 


0.56290(10) 


0.11901 (9) 


0.70686 (8) 


0.0203 (2) 


C6 


0.23248 (10) 


0.13636 (9) 


0.61227 (9) 


0.0211 (2) 


C7 


0.08199 (10) 


0.20920 (10) 


0.46756 (10) 


0.0263 (2) 


H7A 


0.0343 


0.2047 


0.5237 


0.032* 


H7B 


0.0235 


0.1753 


0.3962 


0.032* 


C8 


0.13952 (11) 


0.33599 (10) 


0.45498 (10) 


0.0294 (2) 


H8A 


0.1995 


0.3690 


0.5248 


0.035* 


H8B 


0.0734 


0.3782 


0.4362 


0.035* 


H8C 


0.1820 


0.3409 


0.3960 


0.035* 


C9 


0.22324 (10) 


0.09539 (10) 


0.41142 (9) 


0.0245 (2) 


H9A 


0.3102 


0.0880 


0.4413 


0.029* 


H9B 


0.2217 


0.1492 


0.3518 


0.029* 


CIO 


0.14003 (12) 


-0.02268 (11) 


0.36241 (11) 


0.0343 (3) 


H10A 


0.1516 


-0.0791 


0.4181 


0.041* 


H10B 


0.1632 


-0.0459 


0.2971 


0.041* 


H10C 


0.0526 


-0.0178 


0.3410 


0.041* 


Cll 


0.68695 (10) 


0.20972 (9) 


0.73695 (9) 


0.0213 (2) 


C12 


0.63999 (11) 


0.27551 (10) 


0.54038 (9) 


0.0264 (2) 


H12A 


0.5875 


0.1971 


0.5229 


0.032* 


H12B 


0.7009 


0.2854 


0.4956 


0.032* 


C13 


0.55615 (12) 


0.36185 (12) 


0.50620 (11) 


0.0357 (3) 


H13A 


0.4917 


0.3492 


0.5462 


0.043* 


H13B 


0.5168 


0.3512 


0.4263 


0.043* 


H13C 


0.6070 


0.4398 


0.5244 


0.043* 



sup-3 



supplementary materials 



P i a 

C14 


pi 1 /;n pi i\ 
U.oZloU (11) 


A T OCA/i PI A\ 

U.3ojUo (IU) 


A £AC in /I A\ 

u.oyj iy (iu) 


A Aid 0\ 

U.UZoZ (Z) 


TU1 /I A 

rl!4A 


A O/l /I T 

U.5443 


A T AAA 

U.399U 


A HHCH 
U. / /O / 


A AT A * 

U.U34* 


IT1/ID 

rll4r> 


pi QAA 1 

U.oUUl 


A A ^AQ 


u.ooiy 


A A1/1 * 

U.U34^ 


P 1 c 


P| QTCQC p| 1\ 

u.y3 jyj (i i) 


A 1£1 ^1 1 \ 

U.Jo:) jo (1 1J 


U.ooUjo (1ZJ 


U.U344 (3 ) 


I I 1 C A 

rll jA 


pi Q/T 1 1 

u.yoi3 


u.zy /4 


u.oyoy 


A A/1 1 * 

U.U41 


I I 1 rn 

rll Dd 


1.UU4& 


A A 1 1 A 

U.431U 


A /COOA 

u.oozy 


A A/1 1 * 

U.U41 


I I 1 cp 

rll jt 


U.y 14 1 


U. j4oo 


U. joUI 


U.U^l 


Mi 

IN 1 


A /1C7TT {Q\ 

U.4J /Z3 (5) 


U. 1 J / / J (/J 


U.OOJ4Z ( /J 


A A 1 A07 (\ A\ 

u.uiys / (iy) 


XT'") 

JNZ 


pi 1 QPlCT /q\ 

U. 1oUj3 (5 ) 


U. 14ZOJ {<$ ) 


a cm 0 1 (H\ 

U. JUlol { 1 ) 


A A77£ /OA 

U.UZZo (Z ) 


JN3 


Pi "7AATA /OA 

u. /uy3u (o) 


A TOO! C ZO\ 

U.ZooIj (o) 


A /C/CAOO /0\ 

U.ooUoo (o) 


A AT>A 0\ 

u.uzzy (Z) 


<J1 


Pi 1 Q/CTO (H\ 

u. iyo35 ( /J 


A 1 77C 1 (H\ 

U. 1 / / J 1 


U.OO / J J ( 1 ) 


A A7Q1 7 ( 1 A\ 

u.uzy33 (iy) 


Oz 


a *7/caat /o\ 
U. /oUUZ (o) 


U.ZlUoJ (/) 


A Ol 1 /I A \ 

U.5J144 (0) 


a mm 1 ( 1 a\ 

u.uzy /i (iy) 


p 1 /; 

Clo 


A 1A T OA (\ C\\ 

U.34Zoy (IU) 


u. joj 14 (y j 


A 77CA/1 fQ\ 

u. / /jy4 (O ) 


A A 1 A/1 /'7\ 

u.uiy4 (z ) 


CI / 


a iino PI A\ 
U.331 /o (IU) 


A A/ZG/Z') /A\ 

U.4ojoZ (y) 


A "7CAO 1 /A\ 

u. /juoi (y) 


U.UZZo (Z) 


I I 1 "7 

rll / 


pi IC'lC 

U.ZjZj 


C\A\AA 

U.4144 


A 710C 

U. / Zo J 


A A77* 

u.uz /* 


P 1 Q 

Clo 


A /I /I T 1 /I /1 1 \ 

U.44Z14 (11) 


U.4Z05J \y) 


A 7CAA£ ^A\ 

u. / jyyo (y j 


A A7/1 1 /^7\ 

U.UZ43 (Z ) 


I I 1 o 

rllo 


A /1 1 0 1 

U.43&1 


A 1 A OA 

u. 34oy 


A 7/11 1 

U. /4J 1 


A A7A* 

u.uzy^ 


Pin 

ciy 


A CCO/I/: / 1 A\ 

U.jjs4o (IU) 


U.jUjjo (y) 


A *7 A/I C C /A\ 

u. /y4jj (yj 


A A777 0\ 

U.UZZ / (Z) 


riiy 


A /CT T £ 

U.o33o 


A A OTA 
U.48ZU 


A *7AA 1 

u. /yy 1 


a m7* 
U.UZ/^ 


czu 


a c<;nc7 pi c\\ 
U. joUj / (IU) 


A ^a\ 
U.dZUjU (y ) 


A 07717 /0\ 

U.oZZJ / {&) 


a a 1 m /'Ti 

u.uiyz (z ) 


PT 1 

Czl 


{J.ZlyZD [y) 


u.oj /o / (y) 


A *7CO 1 1 /A\ 

u. / jo 1 j (y) 


A A 1 AA (^\\ 

u.uiyy (Z) 


poo 
CZZ 


A A*7T £ C PI A\ 

U.U/30J (IU) 


A ~I(\(\A 1 /"1 A\ 

U. /UU41 (1U) 


A OI/IOI C\ A\ 
U.5J45J (1U) 


a men c-i\ 
U.UZjy (Z) 


rlZZA 


A A 1 A*7 
U.UlV / 


U.OOJO 


A O O 1 A 

U.oolU 


a m 1 * 
U.U31^ 


LJ77 D 

rlZZri 


A A71A 

U.UZ3U 


A /^Q1 A 

u.oy iu 


A 7^^Q 
U. / JOO 


A A1 1 * 

U.U31 


Cz3 


A 1 TATA PI 7\ 

U.1ZU3V (1Z) 


A OTAA*7 C\ A\ 
U.OZyU / (1U) 


A 07HO/I p| 1 \ 

U.o /Uo4 (11) 


U.U3ZO (3) 


rlZ3A 


u.ioyi 


A Ol Q£ 


A A/I O C 

u.y4oj 


A A1A* 

u.u3y^ 


rlZ3r5 


A A/I AA 

U.U^yU 


U.otH 1 


A 0/C7/I 

U.ouZ^ 


A A7A* 

u.u3y 


rlZiC 


A 1 *7T7 
(J. 1 11 1 


U.oooU 


A OT/I /I 

U.5Z44 


A AT A* 

u.u3y* 


CZ4 


A TTC O 1 PI A\ 
U.ZZjOl (IU) 


A COCC 1 A\ 

u.jyjji (iu) 


A ACC1 C /A\ 

u.yjjjj (y) 


A AT/I A 0\ 
U.UZ4U (Z) 


rlZ4A 


U.Zloi 


U.o4jZ 


1 A 1 CI 
1.U1 JZ 


A ATA* 

u.uzy* 


LIT /I D 

rlZ4r> 


A 1 1 CA 

U.31 jU 


u. jyjo 


A A/C7C 

u.yo / j 


A ATA* 

u.uzy 


PTC 

CZj 


A 1 C 1 OA / 1 1 \ 
U. 1 J 1 oU (1 1) 


A A A\ 

U.4 /ZjZ (1UJ 


A A/^ 1 1 C H A\ 

u.yo 1 1 j (iu) 


A ATAC (1\ 

u.uzyj (3 ) 


rlZjA 


A A/CT/1 

U.UoZ4 


A /I A*7 

u.4oy / 


A A1*7A 

u.yj /y 


A AT C * 
U.U3J* 


rlZjB 


A 1 "7/1 1 

U.l /43 


A A A A1 

U.44yj 


1 AT "71 

I.Uj / j 


A AT C * 
U.U3J* 


rlZJC 


A 1 *7 1 A 

u. i / iy 


A /I TAT 

U.4ZUZ 


A A 1 1 A 

u.y 1 iy 


A ATC* 

U.U3J 


CZo 


A /COC1 C /I A\ 

U.OojIj (IU) 


A "7AAO/; /A\ 

u. /uyoo (y) 


A O C*7 0 1 /Tl\ 
U.OJ/Ol (9) 


A ATA 1 /T\ 
U.UZU1 (Z) 


PO -7 

Cz / 


a /:Tonn Pi a\ 
U.oZoUV (IU) 


A *7*7A/1 /I / 1 A\ 

U. / /U44 (1U) 


1 ATA C A /A\ 

i.uzyjy (y) 


A ATC/C /T\ 

U.UZjo (Z) 


I I T "7 A 

rlZ /A 


A /CO A *7 
U.0&4 / 


a nine 
U. / / /O 


1 1 ACT 

I.IUjZ 


A AT 1 * 
U.U31* 


rlZ /£> 


A C7T7 
U.J /3 / 


u.oyz / 


1 A 1 77 
1.U1 / / 


A AT 1 * 

U.U31 


PO Q 

Czo 


A C/1 CC\C PI T\ 

U.MoUo (1Z) 


A OCOAC T\ 
U.OJOyj (1Z) 


1 AT 1 <C7 /"I 1 \ 

l.UZlo / (11) 


A AT CO (1\ 

U.U3J5 (3) 


HZ8A 


a cnm 

0.5992 


A AT /CI 

U.9362 


1 An a 

1.U334 


A A A T * 

U.U43* 


rlZori 


U. jUU3 


U.o4oo 


1 A70/1 

l.U /o4 


A A/IT * 

U.U43* 


rlZoC 


a /i o/:n 


A O CAfi 

U.ojUU 


A A/I OO 

u.y4oz 


A A/I T * 

U.U43* 


C29 


0.81996 (11) 


0.87818(10) 


0.97545 (10) 


0.0279 (2) 


H29A 


0.8002 


0.9477 


1.0020 


0.034* 


H29B 


0.8475 


0.8958 


0.9075 


0.034* 


C30 


0.92803 (11) 


0.84799 (11) 


1.06496 (10) 


0.0318(3) 


H30A 


0.9023 


0.8325 


1.1332 


0.038* 


H30B 


1.0008 


0.9122 


1.0797 


0.038* 



sup-4 



supplementary materials 



H30C 


0.9494 


0.7802 


1.0387 


0.038* 




N4 


0.45478 (8) 


0.65964 (7) 


O.f 


51247 (7) 


0.01912 (18) 




N5 


0.17952 (8) 


0.64264 (8) 


0.84598 (7) 


0.02175 (19) 




N6 


0.70426 (8) 


0.78454 (8) 


0.94712 (7) 


0.0219 (2) 




03 


0.18965 (7) 


0.67712 (7) 


0.66658 (6) 


0.02781 (18) 




04 


0.76290 (7) 


0.71225 (7) 


0.80198 (7) 


0.02781 (18) 




Atomic displacement parameters (A ) 












U n 


U 22 


t/ 33 


U 12 


rr\3 

u 


U 


CI 


0.0241 (5) 


0.0214 (5) 


0.0163 (5) 


0.0032 (4) 


a nno 1 (a \ 
U.UUol (4 J 


A AAA') iA\ 
U.UUUZ (4 ) 


C2 


0.0278 (6) 


0.0213 (5) 


0.0241 (5) 


0.0010 (4) 


a nnno ( a\ 
U.UUvo (4 ) 


A AA 1 Q (A \ 
U.UU 1 5 (4 ) 


C3 


0.0376 (6) 


0.0189 (5) 


0.0270 (6) 


0.0070 (4) 


U.U133 {d ) 


A AA^T t A \ 

U.UUjZ (4 ) 


C4 


0.0290 (6) 


0.0251 (5) 


0.0230 (5) 


0.0111 (4) 


a a 1 nn (A \ 
U.U1UU (4 ) 


a nnci {a\ 
U.UU j 3 (4) 


C5 


0.0241 (5) 


0.0224 (5) 


0.0165 (5) 


0.0064 (4) 


A AAC1 (A \ 

U.UUoi (4) 


A AAAA fA\ 

u.uuuy (4) 


C6 


0.0210(5) 


0.0185 (5) 


0.0227 (5) 


-0.0007 (4) 


A AAQ1 (A \ 

U.UUoJ (4) 


A AAA"") (A\ 
U.UUUZ (4 ) 


C7 


0.0235 (5) 


0.0312 (6) 


0.0254 (5) 


0.0083 (4) 


A f\f\/z~i (A \ 
U.UUo / (4) 


a nnn (A\ 
U.UU3Z (4 ) 


C8 


0.0324 (6) 


0.0287 (6) 


0.0262 (6) 


0.0089 (5) 


a c\c\a 0 (z \ 
U.UU4& [p ) 


A A AT) fA\ 

U.UUZZ (4 ) 


C9 


0.0258 (5) 


0.0292 (6) 


0.0206 (5) 


0.0063 (4) 


A fiAQg (a \ 

u.uuyo (4 ) 


A AA 1 Q (A \ 

u.uuiy (4 ) 


CIO 


0.0350 (6) 


0.0342 (6) 


0.0333 (6) 


0.0032 (5) 


A r\ 1 T7 /c\ 
U.U1Z / [p ) 


A AA££ ( S\ 

— U.UUoo [p ) 


Cll 


0.0221 (5) 


0.0226 (5) 


0.0214(5) 


0.0078 (4) 


a nrm fA\ 
U.UU / / (4 J 


A AA ~\ ~> fA\ 

— U.UU1Z (4) 


C12 


0.0272 (6) 


0.0311 (6) 


0.0216(5) 


0.0029 (4) 


A A1 AC (A \ 

U.UIUj (4 J 


A A A TO fA\ 

U.UUZo (4 ) 


C13 


0.0374 (7) 


0.0403 (7) 


0.0306 (6) 


0.0104 (5) 


A A1 A1 fC\ 

u.uiui yp ) 


A A1 fZ\ 

U.U1Z3 [p ) 


C14 


0.0261 (6) 


0.0228 (5) 


0.0348 (6) 


0.0007 (4) 


A A 1 (XI (Z\ 

U.U1U / {j ) 


A AAT 1 fZ\ 

— U.UUZ1 [p) 


C15 


0.0237 (6) 


0.0341 (6) 


0.0444 (7) 


0.0020 (5) 


A A 1 1 1 (G\ 

U.U1 13 {d ) 


-U.UUZZ {d ) 


Nl 


0.0224 (4) 


0.0198 (4) 


0.0183 (4) 


0.0045 (3) 


U.UU /4 (3) 


A AA in /1\ 

U.UU1U {3} 


N2 


0.0223 (4) 


0.0248 (5) 


0.0224 (4) 


0.0060 (4) 


U.UUoj (4) 


A AA 1 Q (A \ 

u.uuiy (4 ) 


N3 


0.0223 (4) 


0.0222 (4) 


0.0240 (5) 


0.0022 (4) 


a aaqi (a \ 
U.UUoi (4) 


A AAA 1 ( A \ 

— U.UUU1 (4) 


Ol 


0.0282 (4) 


0.0382 (5) 


0.0241 (4) 


0.0096 (3) 


A AAAC (1\ 

u.uuyo (3 ) 


A AA1A f1\ 

— U.UU3U {3 ) 


02 


0.0281 (4) 


0.0343 (4) 


0.0237 (4) 


0.0062 (3) 


U.UUZZ (3 ) 


A AAA! (1\ 

U.UUUJ {3 ) 


C16 


0.0215 (5) 


0.0209 (5) 


0.0160 (5) 


0.0032 (4) 


A AA£Q (A\ 
U.UUoo (4 ) 


A AA 1 Q (A \ 

U.UUlo (4 ) 


C17 


0.0241 (5) 


0.0210 (5) 


0.0210 (5) 


0.0007 (4) 


A AA/CO (A \ 

U.UUoo (4 ) 


A AA 1 1 (A\ 

— U.UU 13 (4) 


C18 


0.0323 (6) 


0.0185 (5) 


0.0233 (5) 


0.0060 (4) 


A AAA"") fZ\ 

u.uuyz [p ) 


A AA 1 O f A \ 

— U.UU1Z (4) 


C19 


0 0250 (5*1 


0 0243 (5) 


0.0211 (5) 


0.0088 (4) 


A AA"7^ (A \ 
U.UU /J (4 ) 


A AA 11 (A \ 

U.UU 11 (4 ) 


C20 


0.0223 (5) 


0.0211 (5) 


0.0155 (5) 


0.0052 (4) 


A AA^O (A\ 

U.UUoV (4 ) 


A AAT7 ( A \ 

U.UUZ / (4 J 


C21 


0.0189 (5) 


0.0175 (5) 


0.0211 (5) 


0.0002 (4) 


A AACT (A \ 

U.UUjZ (4) 


A AAA1 ( A\ 

— U.UUU3 (4) 


C22 


0.0235 (5) 


0.0312(6) 


0.0270 (6) 


0.0107 (4) 


A AAA*7 ( A \ 

u.uuy/ (4 J 


A A A A A fA\ 
U.UU4U (4 ) 


C23 


0.0401 (7) 


0.0298 (6) 


0.0355 (6) 


0.0147 (5) 


A A 1 "7*7 (Z \ 

U.U1 1 f yp) 


A AA^^ 
U.UU J J [p ) 


C24 


0.0245 (5) 


0.0300 (6) 


0.0191 (5) 


0.0084 (4) 


A fiA/Cn (A \ 

U.UUoV (4) 


A AATC ( A\ 

U.UUZj (4) 


C25 


0.0321 (6) 


0.0316 (6) 


0.0275 (6) 


0.0095 (5) 


A A 1 A^ ( \ 

U.UIUj \ j ) 


U.UU /O [D ) 


C26 


0.0204 (5) 


0.0203 (5) 


0.0207 (5) 


0.0065 (4) 


A AA^A ( A \ 

u.uujy (4 ) 


A A A A Q (A \ 
U.UU45 (4 ) 


C27 


0.0255 (5) 


0.0301 (6) 


0.0200 (5) 


0.0025 (4) 


U.UU /4 (4 ) 


A AA 1 A ( A\ 

— U.UU14 (4) 


C28 


0.0366 (7) 


0.0418 (7) 


0.0326 (6) 


0.0125 (5) 


U.U1Z4 \p) 


-U.UU 13 (d) 


C29 


0.0269 (6) 


0.0210(5) 


0.0323 (6) 


-0.0016(4) 


0.0075 (5) 


-0.0004 (4) 


C30 


0.0247 (6) 


0.0346 (6) 


0.0306 (6) 


-0.0031 (5) 


0.0057 (5) 


0.0005 (5) 


N4 


0.0205 (4) 


0.0197 (4) 


0.0177 (4) 


0.0042 (3) 


0.0062 (3) 


0.0021 (3) 


N5 


0.0217 (4) 


0.0238 (4) 


0.0214 (4) 


0.0069 (3) 


0.0071 (4) 


0.0022 (3) 


N6 


0.0216(4) 


0.0205 (4) 


0.0225 (4) 


0.0014(3) 


0.0070 (4) 


0.0007 (3) 



sup-5 



supplementary materials 



03 0.0256 (4) 0.0365 (4) 0.0233 (4) 0.0096 (3) 0.0076 (3) 0.0083 (3) 

04 0.0248(4) 0.0331 (4) 0.0282(4) 0.0045 (3) 0.0135 (3) 0.0022(3) 



Geometric parameters (A, °) 



CI — Nl 


1.3412 (13) 


CI 6— N4 


1.3397 (13) 


CI — C2 


1.3900 (15) 


C16 — C17 


1.3900(15) 


CI— C6 


1.5108 (15) 


CI 6— C21 


1.5141 (14) 


C2— C3 


1.3851 (17) 


C17— C18 


1.3864(16) 


C2— H2 


0.9300 


C17— H17 


0.9300 


C3 — C4 


1.3857 (16) 


C18 — C19 


1.3852 (16) 


C3 — H3 


0.9300 


C18 — H18 


0.9300 


C4 — C5 


1.3899 (15) 


C19 — C20 


1.3899 (15) 


C4 — H4 


0.9300 


C19 — H19 


0.9300 


C5 — Nl 


1.3383 (14) 


C20 — N4 


1.3393 (14) 


C5 — Cll 


1.5134(14) 


C20 — C26 


1.5112 (14) 


C6 — Ol 


1.2342 (13) 


C21 — 03 


1.2296 (13) 


C6 — N2 


1.3390 (14) 


C21 — N5 


1.3424 (14) 


C7 — N2 


1.4658 (14) 


C22 — N5 


1.4682 (14) 


C7 — C8 


1.5190 (16) 


C22 — C23 


1.5160 (17) 


C7 — H7A 


0.9700 


C22 — H22A 


0.9700 


C7 — H7B 


0.9700 


C22 — H22B 


0.9700 


C8 — H8A 


0.9600 


C23 — H23A 


0.9600 


C8 — H8B 


0.9600 


C23 — H23B 


0.9600 


C8 — H8C 


0.9600 


C23— H23C 


0.9600 


C9 — N2 


1.4686 (14) 


C24 — N5 


1.4667 (14) 


C9 — CIO 


1.5177 (16) 


C24 — C25 


1.5191 (16) 


C9 — H9A 


0.9700 


C24 — H24A 


0.9700 


C9 — H9B 


0.9700 


C24 — H24B 


0.9700 


CIO — H10A 


0.9600 


C25 — H25A 


0.9600 


CIO — H10B 


0.9600 


C25 — H25B 


0.9600 


CIO — H10C 


0.9600 


C25 — H25C 


0.9600 


CH — 02 


1.2320(13) 


C26 — 04 


1.2357 (13) 


CH — N3 


1.3484 (14) 


C26 — N6 


1.3457 (14) 


C12 — N3 


1.4711 (H) 


C27 — N6 


1.4722 (14) 


C12 — C13 


1.5195 (17) 


C27 — C28 


1.5213 (17) 


C12 — H12A 


0.9700 


C27 — H27A 


0.9700 


C12— H12B 


0.9700 


C27— H27B 


0.9700 


C13— H13A 


0.9600 


C28— H28A 


0.9600 


C13— H13B 


0.9600 


C28— H28B 


0.9600 


C13— H13C 


0.9600 


C28— H28C 


0.9600 


CI 4— N3 


1.4686 (14) 


C29— N6 


1.4682 (13) 


C14— C15 


1.5184(16) 


C29— C30 


1.5161 (17) 


C14— H14A 


0.9700 


C29— H29A 


0.9700 


CI 4— H14B 


0.9700 


C29— H29B 


0.9700 


C15— H15A 


0.9600 


C30— H30A 


0.9600 


C15— H15B 


0.9600 


C30— H30B 


0.9600 


C15— H15C 


0.9600 


C30— H30C 


0.9600 


Nl— CI— C2 


123.17(10) 


N4— C16— C17 


123.29(10) 
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JN 1 — CI — Co 


iY5.il (y) 


( ni p/: 

Cz — CI — Co 


m q q few 
125.55 (y) 


pi pi pi 
C 3 — Cz — C 1 


i i o n /1 n\ 
116.12 (1U) 


C j — Cz — rlZ 


1 in Q 

izu.y 


pi pt rn 
CI — Cz — Hz 


1 in n 

izu.y 


pi pi p /i 
Cz — C3 — C4 


1 1 ci A 1 ^1 n\ 

ny.4i (iu) 


PT PI Ul 

Cz — C3 — H3 


12U.3 


P/1 PQ TTQ 

C4 — C3 — hi 3 


12U.3 


PQ p /I PC 

C3 — C4 — Cj 


1 1 O A A /1 C\ \ 

116.44 (1U) 


pi p /i 1 1 . 1 
C3 — C 4 — 114 


1 in o 
12U.6 


PC P /( T_J A 

CD — C4 — rl4 


1 in o 
12U.6 


Ml PC P A 

JN 1 — Cj — C4 


in o o / 1 n\ 
1/2.66 (1U) 


XT 1 PC P 1 1 

JN 1 — CD — CI 1 


1 1 £ f c /n\ 

110.55 (y) 


P/l PC P 1 1 

C4 — CD — C 1 1 


1 in i n / 1 n\ 
12U.3U (1U) 


p, 1 p/T Ml 

Ul — Co — JNz 


in a "7 i 1 n\ 
123.4 / (1U) 


P. 1 p/; p i 

Ul — Co — CI 


1 1 o /i "7 /n\ 
116.4/ (V) 


\n p/T pi 
JNz — Co — CI 


1 1 "7 no /n\ 

ii /.yy (y) 


\n p -7 p o 
JNZ — C/ — Co 


111 i c /n\ 
111.25 (y) 


XT') P*7 I I "7 A 

JNZ — C/ — H/A 


1 nn /i 

iuy.4 


PO P*7 I I "7 A 

Co — C / — hi /A 


1 nn /i 

iuy.4 


XT') P*7 I I "7 ID 

JNZ — C / — H/B 


1 nn a 

iuy.4 


PO P*7 I I "7 ID 

Co — C / — hi /B 


1 nn a 

iuy.4 


1 1 "7 a p*7 inn 
hi / A — C / — hi Id 


1 no n 
1U6.U 


p-7 po no A 

C / — Co — Ho A 


1 nn £ 

iuy.5 


p-7 po lion 

C / — Co — Hor> 


1 nn £ 

iuy.5 


iio a PO lion 

HoA — Co — Hor> 


1 nn c 

iuy.5 


p-7 PO TLJOP 

C / — Co — HoC 


1 nn c 

iuy.5 


lit) a PO TLJOP 

HoA — Co — HoC 


1 nn £ 

iuy.5 


I 1 1) I) PO TLJOP 

HoB — Co — HoC 


1 nn £ 

iuy.5 


XT') Pfl p 1 A 

JNZ — CV — C1U 


111 oi /n\ 
111.62 (y) 


XT') PO 1 in A 

JNZ — CV — hlVA 


1 nn i 

iuy.3 


pip, pn i in a 
C 1 U — CV — hly A 


1 nn i 

iuy.3 


XT') PO i inn 

JNZ — CV — hlvB 


1 nn i 

iuy.3 


pip, pn i inn 

C l U — Cv — Hy B 


1 nn i 

iuy.3 


I 1 (\ a PD i inn 

hiyA — cy — hiyB 


1 n"7 n 

iu /.y 


PO pin ul H A 

Cy — C 1 U — H 1 UA 


1 nn £ 

iuy.5 


pn pin 1 1 1 no 
Cy — C 1 U — rl 1 UB 


1 nn c 

iuy.5 


umA p 1 pi 1 1 1 PO 

rl 1 UA — C 1 U — H 1 UB 


1 no c 

iuy.5 


pn p 1 n 1 1 1 p.p 
cy — C 1 U — H 1 UC 


1 nn £ 

iuy.5 


TLJ1PA pin I i i n/' 

H1UA — C1U — H1UC 


1 nn £ 

iuy.5 


TT1AT3 PIP iiinp 

H 1 UB — C 1 U — H 1 UC 


1 nn c 

ioy.5 


(\"\ P 1 1 XT1 

<Jz — CI 1 — JN3 


in a "7 { 1 n\ 
123.4 / (IU) 


PI P 1 1 PC 

02 — Cll — C5 


i i n 11 iC\\ 

ii6.i3 (y) 


N3— Cll— C5 


118.34 (9) 


N3— CI 2— C13 


113.75 (9) 


N3— CI 2— H12A 


108.8 


C13— C12— H12A 


108.8 


N3— CI 2— H12B 


108.8 


C13— C12— H12B 


108.8 



m /i p 1 /; ni 
JN4 — Clo — C21 


111 "7/; /n\ 
113. lb (y) 


p 1 "7 pi/; 

C 1 / — C 1 0 — C2 1 


1 ii o/; /n\ 
122.60 (y) 


no p 1 /; 
C 1 6 — C 1 / — C 1 0 


i i o i/i /1 n\ 
116.14 (IU) 


C 1 6 — C 1 / — rl 1 / 


1 in o 

i2u.y 


P 1 £. P 1 "7 nn 

Clo — CI / — HI / 


1 in n 
12U.y 


nn pio p 1 1 

ciy — cis — ci / 


1 1 n ii /1 n\ 
liy.22 (IU) 


nn no uio 

ciy — cis — hi 6 


i in a 
12U.4 


ni no in o 
C 1 / — C 1 6 H 1 6 


1 in a 
12U.4 


no nn pm 

c 1 6 — c i y — C2u 


1 1 o /; 1 /1 n\ 
116.01 (IU) 


pio pm uin 

els — ciy — Hiy 


1 in "7 
12U. / 


nn nn um 

C2u — c i y — H i y 


1 in "7 
12U. / 


~kta nn nn 

jn 4 — C2u — c i y 


111 o a /n\ 
122.64 (y) 


M/i nn n /C 
JN4 — C2U — C2o 


ii/;/;/; /n\ 
110.00 (y) 


pin pin pi/; 
C 1 y — C2U — C2o 


1 in i c /n\ 
12U.35 (y) 


r\i pi 1 \ ■ c 
U3 — C21 — JN5 


1 n n i 1 n\ 
123. 15 (IU) 


pi pi i p 1 /; 
U3 — C21 — Clo 


i in u /n\ 

ny.io (y) 


PI 1 P 1 £. 

JN5 — C21 — Clo 


1 i "7 nn /n\ 

ii / .uy (y) 


TVTC P11 pn 

N5 — C22 — C23 


ill /;/; /n\ 

111.00 (y) 


MC P11 TJ11 A 

JN 5 — C22 — H22 A 


1 nn i 

iuy.3 


pn pn tin a 
C23 — C22 — H22A 


1 nn i 

iuy.3 


mc pii mir> 
JN 5 — C22 — H22B 


1 nn i 

iuy.3 


pn pn U11T3 
C23 — C22 — H22B 


1 nn i 

iuy.3 


TJ11 A P11 IJ11T3 

H22A — C22 — H22J3 


1 n~7 n 

iu/.y 


pn pn un a 
C22 — C23 — H23A 


1 nn c 

iuy.5 


P11 P11 TJ11T5 

C22 — C23 — H23r> 


1 nn c 

iuy.5 


un a pn uno 
H23A — C23 — H23B 


1 nn c 

iuy.5 


pii pn imp 
C22 — C23 — H23C 


109.5 


urn a pn imp 
H23A — C23 — H23C 


1 nn c 

iuy.5 


unn pn imp 
H23B — C23 — H23C 


1 nn c 

iuy.5 


mc ni pic 
JN 5 — C24 — C25 


111 *7c /n\ 
11 1. /5 (y) 


MC PI/1 U1/1 A 

JN 5 — C24 — H24 A 


1 nn i 

iuy.3 


P1C PII U1/1 A 

C25 — C24 — H24A 


1 nn i 

iuy.3 


mc pi/i ui/ii> 
JN 5 — C24 — H24B 


1 nn i 

iuy.3 


PIC PI/1 111/113 

C25 — C24 — H24B 


1 nn i 

iuy.3 


U1/1 A PI/1 U1/1T3 

H24A — C24 H24B 


1 n"7 n 

iu/.y 


PI/1 PIC U1C A 

C24 — C25 — H25A 


1 nn c 

iuy.5 


pi/i pic mco 
C24 — C25 — H25I3 


1 nn c 

iuy.5 


U1CA PIC U1CT3 

H25A — C25 — H25B 


1 nn c 

iuy.5 


pi/i pic mcp 
C24 — C25 — H25C 


1 nn c 

iuy.5 


U1CA PIC U1CP 

H25A — C25 — H25C 


1 nn c 

iuy.5 


U1CD PIC U1CP 

H25B — C25 — H25C 


1 nn c 

iuy.5 


p. /i pi/; "\i/; 
U4 — C2o — JNo 


i n a a /n\ 
123.44 (y) 


r\A pi/; pin 
U4 — C2o — C2U 


1 1 O A 1 /Ti\ 

ii6.43 (y) 


N6— C26— C20 


118.11 (9) 


N6— C27— C28 


113.31 (10) 


N6— C27— H27A 


108.9 


C28— C27— H27A 


108.9 


N6— C27— H27B 


108.9 


C28— C27— H27B 


108.9 
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H12A — ClZ — HIZB 


1 A*7 *7 


m"7 A U1TD 

HZ /A — CZ / — Hi /B 


1 A*7 *7 
1U/. / 


C 1 Z — C 1 3 — H 1 3 A 


1 AO C 


rvin rTO mO A 

CZ / — CZ5 — HzoA 


1 AA C 

iuy.3 


ClZ — C13 — H13r> 


1 nn c 


poo moo 
Cz / — Cza — HzoB 


1 AA C 

iuy.3 


it n a pn ii i i n 
1113 A — C13 — H13r> 


1 nn c 


mo a no moo 
HzaA — C/o — HzsB 


1 AA C 

iuy.3 


pn pi i unp 
ClZ — C13 — H13C 


1 AO C 


pn mo mop 
Cz / — CZ5 — HzsC 


1 AA C 

iuy.!> 


Tjn a pn Tji 
hi 1 3 A — C 1 3 — hi 1 3C 


1 AO C 


mo a no mop 
Hi 5 A — Cz 6 — Hi 6C 


1 AA C 


1 1 1 1 n pn unp 
H13r> — C13 — H13C 


1 nn c 


moo no mop 
HZ6B — CZ5 — HzsC 


1 AA C 

iuy.!> 


\T1 pi/1 pif 

JN3 — C14 — CI D 


1 11 C*7 /Ti\ 

113. j / (y) 


TwT/T PTfl P1A 

JN 6 — Cz9 — C3U 


113.32 (y) 


Ml pi/1 TT 1 /I A 

JN3 — C14 — H14A 


i no n 


twt/t nn mn a 
JN 6 — Cz9 — Hz9 A 


1 AO A 


pi f pi /| TT1/1A 

C 1 J — C 1 4 — hi 1 4 A 




pta nn mn a 
C3U — Cz9 — HZ9A 


1 AO A 


Ml P1 /I TT1 /ID 

N 3 — C 1 4 — hi 1 413 


i no n 

108.9 


tvt/; mn Tnno 

JN 6 — C29 — Hz9B 


1 AO A 

108.9 


pi f pi /| I I 1 | T~) 

CI J — C14 — H14r> 


1 ao n 


nil nn mno 
C3U — Cz9 — H29B 


1 AO A 

108. y 


TU1/1A p 1 /I I I 1 1 ID 

hi 1 4 A — C 1 4 — hi 1 413 


1 A*7 *7 
10 /. / 


mn a nn mno 
HZ9A — Cz9 — H29B 


1 A*7 *7 

10/. / 


p 1 /I p| f TJ1CA 

C 1 4 — C 1 J — rl 1 j A 


1 AO C 


nn nn mn a 
Cz9 — C3U — H3UA 


1 AA C 

loy.D 


pi /| p| f TJ 1 CD 

C14 — CI J — HI 3d 


1 A A C 

iuy.3 


nn pm mno 
Cz9 — C3U — H3UB 


1 AA C 

ioy.!> 


Ul C A pi f I I 1 CI) 

hi 1 j A — C 1 J — rl 1 jd 


1 AA C 

iuy.j 


mnA pm mno 
H3UA — C3U — HJUB 


1 AA C 

ioy.3 


PI /| PIC IT 1 c p 

C14 — CI j — HI DC 


1 AA C 

iuy.!> 


pin pm mnp 
Cz9 — C3U — H3UC 


1 AA C 

ioy.!> 


UK A PK I I 1 C P 

H 1 j A — C 1 j — H 1 jC 


1 AA C 


mnA pm mnp 
HiUA — C3U — H3UC 


1 AA C 

loy.D 


II 1 CD riC UKr 

HI jd — CI j — HI jC 


1 AO C. 

iuy.3 


umo pm ump 
HJUB — CJU — HJUC 


1 AO ^ 

loy.j 


PC \|1 P 1 

Cj — IN 1 — CI 


I 1 *7 AA /A\ 

I I /.yu (y) 


nn TvT/i p 1 £. 
CzU — JN 4 — C 1 6 


I 1 *7 O 1 /Tl\ 

II / .81 [y) 


p/ ■xn p*7 

Co — JN2 — C7 


1 1 o £i /n\ 

116.62 (9) 


n 1 TvTC PI /I 

C2 1 — JN 5 — C24 


124.13 (9) 


C6— N2— C9 


124.19(9) 


C21— N5— C22 


119.09(9) 


C7— N2— C9 


116.98(9) 


C24— N5— C22 


116.76 (8) 


Cll— N3— C14 


118.41 (9) 


C26— N6— C29 


118.26(9) 


Cll— N3— C12 


124.65 (9) 


C26— N6— C27 


125.00 (9) 


CI 4— N3— C12 


116.35 (9) 


C29— N6— C27 


116.11 (8) 



Hydrogen-bond geometry (A, °) 

Cg2 is the centroid of the N4/C16-C20 ring. 



D—H-A 


D — H 


R-A 


D-A 


D—H-A 


C3— H3- "N4' 


0.93 


2.49 


3.397 (1) 


164 


C9— H9B-04" 


0.97 


2.52 


3.485 (1) 


175 


C12— H12B-03" 


0.97 


2.59 


3.531 (1) 


164 


C18— H18-N1 


0.93 


2.52 


3.427 (1) 


166 


C24— H24A-02"' 


0.97 


2.46 


3.417 (1) 


169 


C27— H27A-01 m 


0.97 


2.54 


3.496 (1) 


168 


C13— H13B-Cg(2)" 


0.97 


2.97 


3.726 (1) 


139 



Symmetry codes: (i) x,y-\,z; (ii) -x+1, -y+1, -z+1; (iii) -x+\, -y+l, -z+2. 
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